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ABSTRACI

As pati of the continuing explotation of Mars, the Mars F vitonmental SURvey (MESUR) Project Is
being planned by the U. S, National Acronautics and Space Administration (NASA)Y 10 acquite sciehce
obsetvations of the surface of the Red Planet, from @ network of globally distribuled landers. Due to
the unigue features and complexity of this proposed nelwork, a precursor mission known as MfFSUR
Fathlinder has been developed 1o 1est several of the key technological capabilitics which would be
needed. Pathlinder is a low-cost ($170 million, excluding launch services and flight operations costs)
mission with & three year development period beginning in October 1994, The current Pathiinde
mission plan calls for & single spaceeall to be sent 10 Mars, with launch occuriing in Decemmber 1996
and atrival in July 1987, Upon landing, the spacecrafl would iniliate & 30 day period of suriace
operations, including the deployment and operation of a small experimental rover.,

This paper will present an overview of the guidance and navigation schemne developed for MfSUR
Pathlindet, the navigation systern belng implemented for the mission, and an analysis of the anticipated
petionmance of that system duting the opetations phase. The navigation problem posed by Pathfinder
includes a nimber of challenging aspeats, duc 1o both the engineeting design of the mission and the
desite 1o keep the complexity of the spacearafi and its associaled ground suppori systems at &
minitmum.  One of the most significant features of the mission is the approach chosen for atinosphetic
enlry, descent, and landing: the spacecrali will enter the Mariian atinosphere ditectly from its
interplanctary transfer trajectory, decelerate with the aid of & parachute and rocket braking, then reach
the sutface with a speed at impact of aboul 60 m/s, using an aithag system 1o cushion the vehicle from
the shock. This unguided entry and descent scheme results inrelatively stringent navigational accuracy
requirements. The spacecrali must be guided to within aboul 20 kin of the nominal edmospheric entry
aitn point to achieve the desired landing accuacy (75 km), and in any event guidance ctrors of no more
than roughly 70 km can be tolerated, in order to enswre a successful landing.

To minimize the cost and complexity of the spacecrali and the ground operations systern, navigation
of MI SUR Pathfinder will be performed with the use of only radio Doppler and ranging data acquired
by ground stations of NASA’s Deep Space Network.  Guidance will be accomplished with & series of
propulsive mancuvers commanded from the ground. The Pathfinder navigation system will be based
upon exisling sofiware systems for orbit detenmination and mancuver design and analysis which have
been used successtully in previous missions, in order 1o minimize development costs. There are &
number of 1elatively new capabilities that will be employed in this system, however, such as the use of
tanging data of sub-meter precision for navigation, and a sophisticated sequential filter model {for data
reduction. These innovations will make it possible 1o ohtain unprecedented navigational accuracies from
& rematkably silmple, robust, and cost-eflective 1adio navigation systern.
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